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We estimate final state interactions in the B-meson decays into two light vector mesons by the 
Regge model. We consider Pomeron exchange and charmed Regge trajectories that can relate in- 
termediate charmed particles to the final state. The Regge poles have various helicity-fiip residues, 
which allows a change from the longitudinal to transverse polarization. In this way a significant 
reduction of the longitudinal polarization fraction can be produced. In the factorization approxima- 
tion we find agreement with recent data from the BaBar and Belle collaborations in the B — > K*(j) 
decay channel, as a result of an appropriate choice of semileptonic form factors and Regge exchanges. 
On the other hand, data for the K*p decay channels appear more elusive. The soft effects discussed 
in the present paper are based on a model of Regge trajectories that is shown to reproduce correctly 
in the non-charmed case the Regge phenomenology of light mesons. 

PACS numbers: 13.25.Hw 



I. INTRODUCTION 

Recent data from the Babar and Belle collaborations [1-4] on the B decays into two light vector mesons B ^ VV 
have produced considerable theoretical interest, see e.g. the recent papers [5-8]. Data for the Branching Ratios (BR) 
and the polarization fractions for a few decay channels are reported in Table I. 



Decay mode 


BR 




Tx/r 


Ref. 


B+ p°K*+ 


(10.6l2.6±2.4) X 10"" 


0.961015 ± 0.04 




[1],[2] 


B+ cj>K*+ 


(9.5 ± 1.7) X 10"*^ 


0.46 ±0.12 ±0.03 




[1],[3] 


fiO cpK*'> 


(10.7 ± 1.2) X 10^^ 


0.58 ±0.06 


0.41 ±0.10 ±0.02 


[1],[3] 


B+ ^ p°p+ 


(26.2 ±6.2) X 10"'' 


0.96 ±0.07 




[1],[2],[4] 


B° ^ p+p- 


(251^1^) X 10-« 


0-98lo;o8 ± 0.03 




[1],[2] 



X 



TABLE I: Survey of experimental results for B decays into two light vector mesons. Data of Refs.[l] and [2] are from the BaBar 
collaboration. Data from Refs. [3] and [4] are from the Belle Collaboration. There is also an upper bound B{B° — > p°p°) < 
2.1 X 10"'' from BaBar [1]. 



In these decay modes the two vector mesons have the same helicity; therefore three different polarization states 
are possible, one longitudinal (L) and two transverse, corresponding to helicities A = and A = ±1. We define the 
corresponding amplitudes as Aq^±. It is easy to show [5] that in the large rrib limit longitudinal polarization must be 
enhanced by a factor of mt, in the amplitude. This can be seen at the quark level, the reason being that transverse 
polarizations are generated by helicity flip and this implies an extra factor my /mi,. Alternatively, at the hadronic 
level, by making use of naive factorization, one traces back the enhancement of the longitudinal polarization to the 
presence of an extra factor mB/mv + 0{(rnv /ttib)'^) in the longitudinal polarization vectors. The enhancement in 
the longitudinal amplitude is of one power of m^. In fact the term with two powers is multiplied by the difference 
Ai — A2 where Ai and A2 are the usual axial form factors [9] for the transition B ^ V computed at = my. This 
difference vanishes in the high mi, limit, see e.g. [10]. 

Decay modes B'^ P^P~ and 5+ p^p^,p'^K*~^ confirm this prediction as the final states are dominated by the 
longitudinal polarization. On the other hand, for the observed B — > cjiK* transitions, the longitudinal amplitude width 
gives about 50% of the rate. This is a major puzzling feature because, as argued above, in the naive factorization, 
one expects also for the (f>K* channels 
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Another surprising aspect concerns the transverse polarization defined by 



(2) 



where j4j^ y = (A+ =f AJ)l\pl. Moreover, one expects [5] 




(3) 



This expectation is based on naive factorization and large energy relations [10]. The former assumption implies that 
in the large limit A- is proportional to {A\ — V')I{A\ + t^) + Oimy jraB) where A\ and V are the usual form 
factors [9] for the transition B K* computed at = rri^. The latter implies that (^i — V)/{Ai + V) = 0(l/mb), a 
prediction confirmed by different numerical computations based on lattice QCD or QCD sum rules. As a consequence 
A-/A+ = 0{l/mb) and (3) should hold. A result from Belle is reported in Table I, which is at odds with (3); a 
smaller result from BaBar [11] 



has been also presented, which might be compatible with (3). 

All previous considerations do not take into accoimt final state interactions (FSI) that, although power suppressed, 
might nevertheless produce sizeable effects. In [7] a parametrization of these effects is considered. It assumes a major 
role of the so-called charming penguin diagrams. They are Feynman diagrams with intermediate DD states [12- 
16]. The suppression due to their non-factorizable status might be compensated by the Cabibbo-Kobayashi-Maskawa 
(CKM) enhancement. The computational scheme used in [7] and in previous computations for B decays into two light 
particles [14-16] is chiral perturbation theory for light and heavy mesons (for a review see [17]). Since momenta of the 
final particles are hard, the application of the method involves large extrapolations and the method is questionable 
(see e.g. [8]). A possible answer consists of introducing some correction. In [14 16] such correction was modelled by 
a form factor evaluated by a constituent quark model. In [7] a phenomenological parameter r is introduced to weight 
the charming penguin contribution. Both approaches result in a suppression of charming penguin contributions, but 
uncertainties are huge. 

The reason for the suppression can be traced back to the Rc;gge theory. In fact, given the rather large energy 
involved (-^i = mu), the Regge approach should be a good approximation for the final state interactions and provide 
a computational scheme of the rescattering effects, be they elastic or inelastic. The former are described by Pomeron 
exchange [18], [19]. Among the latter, one may still assume dominance of the charming penguin amplitudes, due to 
the CKM enhancement, but they should be evaluated via a reggeized amplitude. In this context the suppression of 
the charming penguin arises because the Regge charmed trajectories have a negative intercept a(0) and therefore a 
suppression factor (s/so)"*-°-' (so — 1 GeV^, a threshold). The advantage of the Regge approach is to evaluate the 
intermediate charmed states contributions not by Feynman diagrams, but by unitarity diagrams and the Watson's 
theorem [20]. In this way the remarks connected to the extrapolation of chiral theory to hard momenta are by-passed. 

The aim of this paper is to give an evaluation of the final state interactions for B VV using the Regge model. 
Clearly also the numerical values of the bare (no FSI) amplitudes are important. We compute them in the factorization 
approximation and therefore we need a set of semileptonic form factors as an input. We use a determination based 
on Light Cone QCD sum rules [21] that encompasses both the B K* and the B ^ p transitions. For B — » K* 
we also use results obtained by QCD sum rules [22]. These results are summarized in section II. In section III we 
discuss rescattering effects as parametrized by the Regge model. We include in the parametrization the Pomeron and 
charmed Regge trajectories and we give estimates of the Regge residues. In section IV we present our numerical results 
and discuss them. The basic result we find is that, due to the presence of helicity-flip Regge residues, longitudinal 
polarization fractions are in general reduced, except for the i? — > decay modes. Differences between the channels 
B K*(j) and B — > K*p might depend on the choice of the form factors, therefore we discuss differences induced 
by this choice as well. We argue that for the B K*(j) decay mode an interplay between form factors and Regge 
parameters can produce theoretical results compatible with the data with no need to introduce new physics effects. 
For the B K*p the results are more elusive and more work is needed especially for the determination of the 
semileptonic form factors. Finally in the Appendix we give an outline of the model used to compute the parameters 
of the charmed Regge trajectories. 



-Y = 0.27 ±0.07 ±0.02 



(4) 



II. BARE AMPLITUDES 



In this section we introduce bare amplitudes, i.e. matrix elements of the weak hamiltonian with no final state 
interaction effects. We consider two sets of weak bare amplitudes. The first set includes the bare amplitudes for the B 
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decays into two light vector mesons. We consider the channels B pp, B K*p, B K*<j). Since this calculation 
is straightforward we limit our presentation to the numerical results. 

For the relevant Wilson coefficients we use ai = 1.05, 02 = 0.053, and (03,04,05,07,09,010) = (48,-439 — 
77i, -45, +0.5 - -94 - 1.3i, -14 - 0.4z) x 10""* [23]. We use two different choices of form factors for the weak 
transition B ^ V. The first choice is based on Light Cone QCD sum rules [21]. The corresponding results for the 
bare amplitudes for B K*p and B ^ pp are reported in Table II. We also consider the QCD Sum Rules results 
of Ref. [22]. Since in this paper only the b ^ s transitions are considered, these results can be employed only for 
B — > K*<p decays. The numerical results obtained by the two sets of form factors for the B K*<p decay channel 
are reported in Table III. 



Process 


A 




Process 


\ 




B+ K*°p+ 





-0.62 + 3.14i 


B+ ^ p°p+ 





+4.21 - 2.60 i 


B+ ^ A-*V+ 


+ 


+0.17- 0.86 j 


B+ ^ p"p+ 


+ 


-1.01 + 0.62 4 


B+ ^ K*"p+ 




-0.02 i 


B+ ^ p"p+ 




-0.01 + O.OH 


B+ ^IC' p" 





+0.5 1- 2.6 1/ 


^ p 1 /; 





+ ").()() - :i.9'3i 


B+ ^ K'+p" 


+ 


-0.15-0.70i 


B» ^ p+p- 


+ 


-1.34 + 0.94i 


B+ K*+p° 




-0.01 i 


p+p- 




-0.02 + 0.01 i 



TABLE II: Bare helicity amplitudes for B K* p and B pp with form factors from Ref. [21]. Results in 10 * GeV. 



Process 


X 


At,x{^ei. [21]) 


A6,A(Ref. [22]) 


B^K*ct> 





-0.83 + 3.85 i 


-0.48 + 2.24 i 


B^K*ct> 


+ 


+0.27- 1.25 i 


+0.28 - 1.30 i 


B^K''(j) 




-0.03 i 


+0.01- 0.06 i 



TABLE III: Bare helicity amplitudes for B — > K'tj) with two different choices of form factors [21] and [22]. Results in 10 * 
GeV. 

We note the numerical relevance of Aq and the suppression of A_ in comparison with A^ . We also note numerical 
differences in Table III arising from the different choice of form factors. 

The second set of amplitudes includes the bare decays of 5+ into two charmed mesons, Di*"*^ D^*^^ . For the B pp 
decay channel we consider B decay into two charmed non strange mesons. The matrix elements of this second set 
are computed in the factorization approximation, using the Heavy Quark Effective Theory at leading order, with the 
following Isgur-Wise function £_{uj) = 4/(1 + w)^. For the CKM matrix elements we use PDG data [24]. 

Numerical results for the bare helicity amplitudes At,, a for the channels B^ D^*^^ D^*^'^ are reported in Table 
IV . 



Process 


A 




B+ ^ D+D'' 





+1.32 t 


B+ ^ D+D*° 





-1.15i 


B+ ^ Dt+D° 





-1.15i 







+1.32 t 


B+ -i- Dt+D*° 


+ 


-1.02 t 


B+ -> D*+D*° 




-0.42 i 



TABLE IV: Bare helicity amplitudes for B decays into charmed mesons. The four channels B^ — > Df D^, B^ — > D*'^D^ , 
B+ -» D*+D°, and B+ -» D'+D*" are identified respectively by the index A; = 1, 2, 3, 4. Units are 10"® GeV. 

One can immediately notice the CKM enhancement (typically by a factor 10^) of the amplitudes in Table IV in 
comparison with those of Table II. For B decay into two non-strange charmed mesons the enhancement is smaller. 
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III. FINAL STATE INTERACTIONS AND REGGE BEHAVIOR 

Corrections to the bare amplitudes due to final state interactions are taken into account by means of the Watson's 
theorem [20]: 

A = (5) 

where S is the S'-matrix, Ab and A are the bare and the full amplitudes. 
The two-body 5-matrix elements are given by 

S\P =5,,+2i^TiP{s) , (6) 

where i,j run over all the channels involved in the final state interactions. 

The J = 0, isospin / amplitude Tj;p{s) is obtained by projecting the J = angular momentum out of the amplitude 



(7) 



The momenta pj ,£j are defined below. For the channel B K*(j) we only have the 1=1/2 transition amplitudes, 
for B K*p both 7=1/2 and / = 3/2 are involved. For B ^ pp we can have 7 = and 7 = 2. 

As discussed in the Introduction, given the rather large value of s = m^, a Regge approximation for the transition 
amplitude seems adequate. We will therefore include first of all the Pomeron term, which contributes to the elastic 
channels. For the inc;lastic channels we include only channels whose bare amplitudes are prominent. For B K*(f> 
and B K*p they should be the amplitudes for the transition B D^*^Di*^ since these channels are Cabibbo 
enhanced, see table IV. For the 7 = amplitude of the decay B p'^p~ there is no Cabibbo enhancement; most 
probably other trajectories should be considered, but we consider here again charmed trajectories mainly for the sake 
of comparison. The transition from a state with two charmed mesons to a state with two light particles can only 
occur via charmed Regge poles. Therefore in the present approximation we will include, besides the Pomeron, only 
the charmed Regge trajectories. 

A. Pomeron contribution 

To begin with we consider the Pomeron contribution. We write 

S = r (8) 
neglecting for the time being non leading Regge trajectories and inelastic terms. We have 

V = l + 2iT^{s) , T^(s) = /" T^{s, t)dt . (9) 

167rs J-s+iml 

The following parametrization can be used [19], [25]: 



e 



(10) 



with So = 1 GeV^ and 

ap{t) = 1.08 + 0.25t [t in GeV^) , (11) 

as given by fits to hadron-hadron scattering total cross sections. The product f}^ ■g{t) = 0^ (t) represents the Pomeron 
residue; for the t-dependence we assume [19], [25] 
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To get 0^ we use factorization and the additive quark counting rule. For the B K* p channel residue factorization 
gives 

= . (13) 

The two residues appearing in (13) can be computed by the additive quark counting rule. This gives [19] 

The basis of the additive quark counting rule is given by pion-proton and proton-proton high energy scattering data. 
From these data [19], [26]: 0^ ~ '^/'^Pp ~ 5.1. From Kp high energy scattering data, one finds (3f ~ 2/3/3^. Therefore 

^ 22 . (15) 

For the B — > K*(f) channel we have, instead of Eq. (13), (3^,^ = 0^0k' ) ^^id, numerically, /?x*<^ ~ 14 • Finally for 

the B ^ pp channel we get w 26 . 

Using (9) in the approximation (8) violates unitarity. We can observe from this that inelasticity effects are important 
in the determination of the FSI phases [18]. As matter of fact, let us parametrize them as in Rcf. [18] by one effective 
state, with no extra phases. Then the ^-matrix should be written as follows (neglecting a small phase <^ = —0.01 in 
VP): 

^ K*p^ S « ( 0-64 0.77. \ ^ ^ / 0.80 0.62(1 ^ ^)\ 

^ ' 0.64 j \^ 0.62(1 + i) 0.80 j ^ ' 

iB^K*<i>) O-^^O ' VS^( 0.57(1 + .)\ 

^ \^0.64i 0.77 J \^ 0.57(1 + i) 0.88 J ^ ^ 

(B^pp) 0.76 0.64(l + .)\ 

^ ^ \^0.82i 0.58 J \^ 0.64(1 + i) 0.76 J ^ ' 

This shows that even neglecting the effect of the non leading Regge trajectories, final state interactions due to 
inelastic effects parameterized by the Pomeron exchange can produce sizeable strong phases. This result agrees with 
the analogous findings of Refs. [19] and [18]. 



B. Regge trajectories 

Let us now consider the contribution of the charmed Regge trajectories. They are present in the B K*(f) 
amplitude, in the 7=1/2 amplitude for the decay B K* p and in / = amplitude for B p'^ p~ ■ They do not 
contribute to the B^ p^ (P decay channel because the final state has 7 = 2 and the two charmed mesons can only 
have either 7 = or 7 = 1. 

Including charmed Regge trajectories the S matrix can be written for the generic B — > VV case as follows 

S = V + V ^V* . (19) 

Here V is the Pomeron contribution discussed above; we note that Vij = Pi6ij. V and V* are reggeized amplitudes 
corresponding to the D and D* Regge trajectories. For B — > K*(l), K*p decays they connect the state ITS'*!/) to the 

other states \DsD), \DsD*), \DID), \D'*D*). For B" p+p' they connect the state \p+p~) to the states \D+D-), 
\D*~^D~), \D'^D*~), \D*~^D*~). Since all the Regge contributions are exponentially suppressed one can make the 
approximation 

y/S f^^/V + ^V-^/^{V + V*) . (20) 

We discuss explicitly the case B K*(j), the treatment of the other cases being similar. Neglecting other inelastic 
effects we consider a 5 x 5 Sij matrix, where i = 1,2,3,4,5 represent respectively the states \DgD), \DgD*), |D*7?), 
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\D*D*), \K*<p). The kinematic factors are as follows: gj = s(s — 4to|,) , j = 1, • • • , 4, £5 = s^, pj = ^/{s — Am'jj)/s , j = 
1, • • • , 4, = 1. We work in the approximation m|j = m|j^ = rnjj, = m|j. and rriK* = rup = = my ~ 0.9 GeV 
with s = m%. The integration limits are for the elastic contribution: t- = and t+ = —s + ^rriy; for the inelastic 
contributions: = —s/2 + my + m% ± s/2yT^^4my7^'\/l^^~4m57^- Therefore 



A{B - K*ct>), = VPAi% + E E + ^*)xL <i ■ (21) 

Let us consider the Regge amplitudes R = T> ,T>*: 



2 

fe=l A. 



R^'Ks) = ^ f //. / " dtR^'K^^i)^ (22) 

167r V s ^s{s - Amjj) Jt+ 

with t± given above. We assume the general parametrization 

1-1- (—\SRp-iiTaR{t) 

= -/3^ ^ ^ - afi(i))(a')^-'«(a's)"«(*) (23) 

as suggested in [27]. Wc notice the Regge poles at Iji — afl(t) = 0, —1, —2, • • •; for = D we have sr = Ir = and, 
hi R = V*, SR = eR= 1. Near t = m% (23) reduces to 

{t - m^) 

which allows to identify as the product of two on-shcU coupling constants. Let us write 

/?« = Pj,i„^,PnMv • (25) 

Using the effective lagrangian approach [28] we can compute the residues by identifying them with the coupling 
constants for t ~ m|.. The numerical results are in Table V; they are obtained by the following values of the constants 
defined in [28]: gv = 5.8, A = 0.56 GeV~^, /3 = 0.9, which represents an updated fit, see [16] for details. 



Residue 


V 


Num. values 


V 


Num. values 






+2.84 








hdv 


[3 gv rriD 


+9.76 


\f2\gv m D 


+8.59 


gO,0 








•'r^^(,fl 4\mn) 
2 rn n 


-3.93 




\/2 A gv mjj 


+16.1 


2 Xgv mo 


+12.1 


Pd-v 


2Xgv Trio 


+22.7 


^{l3-2\rnn) 


-4.90 




2\gv mv mo 


+9.35 








h>D*V 


\f2\gvvr?j3 


+16.1 









TABLE V: Rcggc residues /3'^"''^ of the poles V* and V; \i is the polarization of the charmed meson, A that of the light vector 
meson. The numerical results are obtained with gv = 5.8, A = 0.56 GeV~^, /3 = 0.9, see [16]. 5(7(3)/ nonet symmetry has 
been assumed for the evaluation of the residues. 

It is important to stress that, differently form the Pomeron, which is mainly helicity conserving, Regge charmed 
trajectories have several hclicity-flip residues. In particular they can change longitudinal into transverse polarizations, 
see e.g. P^t'y. In the next section we will discuss these effects in the context of i? ^ VV decays. 

Next step is the calculation of the trajectories aD(i) and aD*{t)- To do this we use the model described in the 
Appendix. For charmed mesons such as D and D* (wc do not distinguish between D and Dg) the Regge trajectories 
are not linear in the whole t range. Due to the exponential suppression of the high \t\ range, only the small t region 
is of interest and here we can approximately write 



an = sd + Oio + a't , 



an* = sd* + ao + a't , 



(26) 
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with sd = 0, sni. = 1. From the rcsuhs of the Appendix wc have ao = —1.8. As to the vahie of the slope a', 
hnearizing the trajectory as in the dashed-dotted hne of Fig. 4 (right side) one gets a' = 0.33 GeV^^. This formula 
overestimates the mass of the D, D* system by 15%. Fitting these masses would give the value a' — 0.45 GeV~^; 
from these results one can estimate a range 0.33-0.45 GeV~^ for a'. In a conservative vein we double this range to 
take into account other theoretical uncertainties (arising from the model adopted in the Appendix) and use therefore 

ao = -1.8, a' = (0.39 ± 0.12) GeV"^ . (27) 

IV. NUMERICAL RESULTS AND DISCUSSION 

In the present approach one can identify two kinds of theoretical uncertainties, one related to the choice of the 
semileptonic B ^ V form factors, the other to the parameters of the Reggc amplitudes. To start with we fix the form 
factors, by choosing the numerical results obtained by the Light Cone sum rules approach [21]. The bare amplitudes 
can be found in Tables II and III; for the Regge parameters we use eq. (27), limiting the analysis to the central value 
and the two extremes of the a' range. The numerical results are presented in Table VI. 



Process 


Tl/T 


Fx/r 


Tti/r 


B.R. xlO"^ 




0.31 


0.1 


0.59 


35 


B^K*ct> 


0.73 


0.06 


0.20 


15 




0.87 


0.05 


0.08 


12 




0.26 


0.12 


0.61 


19 


B K*+p° 


0.72 


0.08 


0.20 


6.2 




0.89 


0.06 


0.05 


4.9 




0.18 


0.11 


0.71 


35 


B ^ K'"p+ 


0.61 


0.07 


0.32 


9.9 




0.84 


0.05 


0.11 


7.2 


B+^p+p^ 


0.95 


0.03 


0.03 


14 




0.86 


0.01 


0.13 


28 




0.93 


0.02 


0.05 


26 




0.94 


0.02 


0.04 


26 



TABLE VI: Results for the various B decay channels obtained with the form factors as in [21]. For each decay channel the 
Regge slope of the charmed trajectories is, from top to bottom, a = (0.27,0.39,0.51) GeV~^. There is no Regge contribution 
to S"*" — » p"'"p° so that the only FSI effect here is the elastic one. All the Branching Ratios are evaluated using tb = 1.67 ps. 

We note that for B K*V decays the smallest value of a' corresponds to the largest contribution from the Regge 
trajectories. The Table VI shows that the main effect of the; Rciggc poles for the channels with a K* in the final state 
is the reduction of the longitudinal polarization fraction and the increase of the other fractions. This is due to the 
effect mentioned in subsection IIIB, i.e. the existence of helicity flip residues changing longitudinal into transverse 
polarizations. On the other hand the transverse polarization fraction Tj_/T cannot increase beyond 10%-12%. 

A more detailed numerical analysis for the channel B K*^p° can be found in Fig. 1 that shows the variation of 
the branching ratio and the polarization fractions versus the slope a'. A detailed analysis of the K*(f) channel will be 
presented below. Finally we observe that, as expected, the pp channels get negligible or vanishing contribution from 
the Regge poles. For the p^p^ channel this is due to the absence of the Cabibbo enhancement; for the p^p'^ decay 
mode there is no Regge contribution because the final state is a pure 7 = 2 state. If the explanation presented here is 
valid, the large fraction r^/F for B ^ pp (see Table I) is a consequence of the negligible role of the charmed Regge 
poles. 

Let us comment on the discrepancies between the theoretical results of Table VI, Fig. 1 and experimental data. 
They might point to new physics, but a simpler possibility is an interplay between final state interactions and form 
factors. An example is offered by the channel K*(f>. Here to get a small longitudinal polarization fraction one would 
prefer a small value of a' . Small values of a', however, produce values for the branching ratio much higher than the 
data. As discussed in the Introduction, the dominance of F^/F is a consequence of the chiral structure of the currents 
in the standard model and the mb — > oo limit. The only way to reduce it without invoking new physics is to show the 
existence of soft effects in the standard model. Our analysis shows that these effects can be generated by rcscattcring 
effects parametrized by the Regge model. On the other hand the high value of the branching ratio might be due to 
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FIG. 1: Comparison between theoretical predictions based on the form factors of Ref. [21] and the experimental data for the 

channel B+ -> K+* . On the left: The B.R. x 10'' as a function of the parameter a' giving the slope of the charmed Rcgge 
trajectories. Continuous straight lines give the experimental interval (see Table I). On the right: Continuous lines give the 
fraction Fi/F, the dashed line is the fraction Fx/F and the dotted line the fraction Fy/F. Units of a' are GeV~^. We use 
TB = 1.67 ps. 



the choice of the form factors of Ref. [21]. To deal with this problem we consider a different set of form factors. 
Since m B ^ VV decays only small are involved, the Lattice QCD determinations are unreliable because of the 
large extrapolations they would need. The best alternative to Light Cone sum rules are the traditional QCD sum 
rules. In [22] such a calculation is performed; we have reported these predictions in Table IL The authors in [22] only 
consider the h ^ s transition, and therefore their results can be only applied to the channel B (j)K* (in [29] also 
the transition b ^ u was considered, but with a set of parameters different from [22], which renders the comparison 
difficult). In figures 2 and 3 we report the branching ratio and the fraction Fl/F as functions of the slope a' of the 
charmed Rcggc trajectories for the paramctrizations [22] and [21]. As to the other polarization fractions . T^^/T and 
r_L/r for the form factors of Ref. [21] can be found in Table VI. The analogous figures for the form factors of [22] 
are Fx/F = (0.12, 0.12, 0.12) and F||/F = (0.74, 0.40, 0.20) for a' = (0.27, 0.39, 0.51) GeV-^. 
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FIG. 2: BR(B K* (f)) x lO" as a function of the parameter ot giving the slope of the charmed Rcggc trajectories. Continuous 
straight lines give the experimental interval (see Table 1). Dashed lines are theoretical predictions based on the form factors of 
ref. [21]; dotted lines are based on the form factors of ref. [22]. Units of a! are GeV~^. 



Fig. 2 shows that much smaller values of the branching ratio are obtained by the QCD sum rules form factors of 
Ref. [22] (dotted lines) for a' around its central value; Fig 3 shows that for the same values of a' satisfactory results 
for Tl/T are obtained. Finally T_\_/T gets a value smaller, but still compatible within 2a, with the BaBar result (4). 

These results show that data on the polarization fractions for the B K*(j> decay channel might be explained as 
the effect of two converging factors: an appropriate set of form factors [22] and the presence of final state interactions 
computed by the Regge approach. It remains to be seen however how QCD sum rules and Regge phenomenology 
would work for the other channels B — > K*p and B — > pp, an issue we plan to deal with in the future. 
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FIG. 3: Tl/T'{B — > K*<f)) as a function of the parameter a' giving the slope of the charmed Regge trajectories. Continuous 
straight lines give the experimental interval (see Table I) . Dashed lines are theoretical predictions based on the form factors of 
ref.[21]; dotted lines are based on the form factors of ref. [22]. Units of a' are GeV~^. We use tb = 1.67 ps. 



V. APPENDIX: A MODEL FOR REGGE TRAJECTORIES 



For non charmed Regge poles, aii{t) is phenomenologically given by 

anit) = SR + a'{t- ml) (28) 

with the universal slope: a' = 0.93 GeV~^. This behavior can be reproduced by a potential model, which gives the 
Regge formula the meaning of an exchange of infinitely many particles. To compute their spectrum one solves a 
Schroedingcr equation and one shows that the slope is related to the string tension responsible of the confining part 
of the potential. 

To be more specific we consider a bound state comprising a quark and an antiquark. For the bound state problem 
we consider the Salpeter equation (Schrodinger equation with relativistic kinematics): 



(29) 



where mj are quark masses, V{r) is the potential energy and r = |ri — r2|. In the meson rest frame E is the meson 
mass M and pi^ = P2^ = — ?i^V^. The bound state equation can be solved for arbitrarily large quantum numbers n 
and i (radial and orbital quantum numbers) by the WKB method [30] . We assume the potential 

V{r) = Vo + /xV (30) 

which is of course a simplification, but however able to show the linearity of Regge trajectories; jj. is the string tension 
and is a constant negative term mimicking a repulsive core. 

The WKB formula for this potential gives the result [30] (in units of string tension) 




4 2— + 4(M-nr))2 = "(,"+2 + 4j ^^^^ 

where (T = M — Vo — m,i — m,2. For light quarks we take for the constituent quark masses the values mi = m,2 = 300 
McV. In units of string tension we get, for Vq = —1.923 and n = the Chew-Frautschi plot of Fig. 4 (left side) showing 
the almost linear Regge trajectory. It is given by Eq. (28) with Sn = since no spin term has been added to the 
potential in (30). For a = ^ we find successive squared meson masses. The Regge trajectory has slope a' = 0.25//Lt^. 
For II = 0.52 GeV we get a phenomenologically acceptable value of a' ~ 0.9 GeV~^. The mass of low- lying meson 
with i = made up by up/down quarks turns out to be ^ 800 MeV, an acceptable value as well. 

We can now repeat the exercise for the D, D* mesons. We use again mi = 300 MeV and put for the charm quark 
m2 = mc = 1.7 GeV. The result is reported on the right in Fig. 4. One can observe some deviations from linearity. 
The minimum value is given by kinematics as i = 4 in units of the string tension. Solid line gives the WKB solution 
of the bound state equation; for small values we can still approximate a{t) by a straight line (dashed-dotted line in 
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FIG. 4: On the left: Chew-Frautschi plot for a qq meson of mass M made up by light quarks with masses of 0.577 in units 
of string tension (~ 300 MeV). On the horizontal ajces t = in units of string tension, on the the vertical axis the Regge 
trajectory a{t) approximately given by a{t) = sr + a'{t — m\) with sr = 0, see text. The meson masses correspond to 
successive values of a = I — 0,1,---. On the right: Chew-Frautschi plot for a qQ meson of mass M made up by a charm 
quark and a light quark {nic = 1.7 GeV, ruq = 0.3 GeV). On the horizontal axes t = in units of string tension, on the the 
vertical axis the Regge trajectory. Solid line gives the WKB solution of the bound state equation; dashed-dotted line a linear 
approximation in the small t region. 



the figure), with a{t) =ao + a't and uq = -1.8, a' = Q.m/iJ? = 0.33 GeV-^. 
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